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ELECTRIC  CONDENSER  PROCESS  FOR 
DEMULSIFYING  OIL 

By  R.  J.  Piersol 

SUMMARY 

Treating  of  Illinois  "cut  oil". — One  of  the  important  problems  in  the  pro- 
duction of  oil  is  the  elimination  of  water  from  "cut  oil,"  the  formation  of  which 
has  increased  with  the  increasing  use  of  air  repressuring  on  oil  properties  in  Illi- 
nois. "Cut  oil"  is  oil  that  contains  minute  water  globules  which  are  dispersed 
throughout  the  oil  and  which  will  not  settle  out  without  treatment.  Because 
oil  with  a  water  content  greater  than  0.5  per  cent  is  unacceptable  to  both  pipe- 
line companies  and  refineries,  it  is  necessary  to  heat  oils  during  the  winter  months 
in  order  to  permit  the  water  to  settle  out  readily  and  as  a  first  step  in  any  fur- 
ther process  of  demulsification.  On  certain  repressured  properties,  however,  the 
oil  must  be  demulsified  through  the  entire  year. 

Present  practice  in  Illinois  oil  fields  employs  heating,  followed  by  chemical 
treatment  if  necessary,  for  breaking  down  emulsions.  Such  methods  have  proved 
expensive  in  labor,  in  the  consumption  of  fuel  required  to  raise  the  temperature 
of  the  oil  to  a  range  from  100°  to  130°  F.  for  from  24  to'  48  hours,  and  in  the 
resultant  losses  of  lighter  fractions  by  evaporation.  The  temperature  necessary  for 
successful  chemical  treatment  varies  with  the  viscosity  of  the  oil  but  in  all  instances 
it  is  from  20°  to  50°  higher  than  the  average  temperature  of  80°  F.  at  which 
the  cut  oil  may  be  treated  electrically.  Previous  methods  of  electrical  treatment 
used  in  localities  having  large  centralized  production  have  not  been  adopted  by 
Illinois  operators  because  of  high  initial  and  operating  costs. 

Object  of  investigation. — The  research  herein  reported  was  undertaken  in 
an  attempt  to  develop  and  test  the  effectiveness  of  an  electrical  process  for  demul- 
sifying  oil  to  meet  the  needs  of  the  oil  operators  in  this  State  where  the  amount 
of  cut  oil  to  be  treated  at  each  point  of  collection  averages  15  barrels  per  day 
and  where  most  of  the  leases  are  not  served  by  electric  power  lines.  The  problem 
therefore  was  to  develop  a  type  of  electrical  dehydrator  that  is  small,  inexpensive, 
automatic  and  simple  in  operation,  and  with  electric  consumption  small  enough 
to  be  supplied  from  a  storage  battery. 

Results  of  investigation. — An  electric  potential  process  for  the  treatment 
of  cut  oil  has  been  discovered  which  meets  the  above  requirements  and  in  \\  hich 
the  undesirable  flow  of  electric  current  through  the  emulsified   nil   is  prevented 
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by  an  electric  insulator  inserted  between  the  two  electrodes.  The  commercial 
unit  consists  of  two  concentric  electrodes,  the  outer  a  metal  pipe  and  the  inner  a 
copper  wire  enclosed  in  a  glass  tube.  Through  this  pipe  the  cut  oil  flows  at  a 
rate  which  subjects  it  to  the  alternating  electric  field  for  approximately  four 
minutes.  A  small  field  unit  has  been  constructed  with  a  capacity  of  one  barrel 
per  hour.  Its  auxiliary  equipment  consists  of  a  6-volt  storage  battery  and  a 
Model  T  Ford  spark  coil.  The  equipment  is  rugged  and  its  operation  requires 
no  technical  skill. 

Approximately  200  laboratory  tests  have  been  made  on  3  emulsified  oils  rep- 
resenting the  worst  conditions  from  various  repressured  properties  in  Illinois.  In 
all  laboratory  tests  made  at  a  temperature  of  80°  F.  the  emulsion  was  broken 
down  so  that  within  24  hours  of  settling  the  treated  oil  contained  0.5  per  cent 
water  or  less.  Series  of  field  tests  which  in  the  main  gave  satisfactory  results  were 
completed  at  repressured  properties  of  the  Tidewater  Oil  Company  and  the 
Ohio  Oil  Company. 

Cut  oils  differ  as  to  the  percentage  of  water,  the  toughness  of  the  emulsion, 
and  the  viscosity  of  the  oil  so  that  successful  demulsification  practice  requires 
for  each  oil  the  experimental  determination  of  the  proper  operating  variables — 
such  as  temperature  of  the  oil,  time  of  subjection  to  electric  field,  rate  of  flow 
of  oil,  and  time  required  for  settling  both  previous  and  subsequent  to  treatment. 

Former  methods  of  electrical  dehydration.- — A  century  ago  it  was  shown 
in  Germany  that  a  high  potential  conductor  caused  the  precipitation  of  charged 
smoke  particles  in  a  smoke  stack,  but  it  was  not  until  twenty-five  years  ago  that 
Cottrell  developed  industrial  processes  for  electrical  precipitation  of  acid  fumes. 
His  subsequent  discovery  of  electric  demulsification  was  covered  by  a  series  of 
patents  which  were  granted  March  21,   1911,  and  which  expired  in  1928. 

So  far  as  is  known,  all  former  alternating  current  processes  for  electrical 
treatment  of  cut  oil  have  been  based  on  Cottrell's  method  and  employed  special 
devices  other  than  an  insulating  sheath  to  prevent  an  electrical  breakdown  with 
consequent  fire  hazard. 

Advantages  of  an  insulating  sheath. — The  equipment  developed  for  Illinois 
conditions  is  enclosed  and  is  compact,  rugged,  and  automatic  in  operation.  The 
use  of  an  insulating  sheath  prevents  high  voltage  current  between  electrodes, 
eliminates  fire  hazard,  and  no  agitation  is  necessary  to  prevent  short  circuit;  the 
external  part  of  the  equipment  is  electrically  grounded  and  the  induction  voltage 
is  carried  to  the  inner  electrode  through  armored  cable,  thus  eliminating  danger 
to  the  operator ;  and  the  high  voltage  inner  electrode,  in  case  of  breakage,  may  be 
replaced  by  an  inexperienced  operator.  The  auxiliary  equipment,  in  districts  not 
serviced  by  electric  lines,  consists  of  a  storage  battery  and  a  spark  coil  as  con- 
trasted to  an  expensive  electrical  generating  unit.    For  an  average  point  of  col- 
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lection  producing  15  barrels  of  oil  per  day,  the  cost  of  equipment  is  much  less 
than  the  cost  of  equipment  used  in  previous  processes. 

Plans  are  under  way  to  protect  by  patent,  in  interest  of  Illinois  oil  industry, 
this  discovery  of  the  use  of  an  insulating  sheath  around  one  electrode  in  the  de- 
hydration of  emulsified  oil  to  prevent  electrical  breakdown. 

INTRODUCTION 

One  of  the  important  problems  of  Illinois  operators  in  oil  production  is  to 
break  down  emulsions  and  to  reduce  the  water  content  to  within  the  limit,  0.5 
per  cent,  specified  by  pipe-line  companies  and  refineries.  Higher  percentages  of 
water  are  unacceptable  because  the  water  tends  to  collect  at  low  points  in  the 
pipe-line  where  in  cold  weather  it  is  subject  to  freezing,  thus  clogging  the  line, 
and  because,  by  foaming,  it  interferes  with  certain  refining  processes. 

The  use  of  air  as  a  repressuring  medium  tends  to  increase  the  difficulties 
due  to  emulsified  oil.  The  Illinois  oil  field,  however,  has  reached  a  stage  which 
necessitates  repressuring,  and  as  natural  gas  is  not  usually  available  as  the  medium 
in  gas  repressuring,  air  is  used  in  most  cases.  It  has  therefore  become  the  stan- 
dard practice  on  certain  repressured  properties  to  demulsify  the  oil  throughout 
the  entire  year,  although  oil  from  other  properties  not  yet  subjected  to  repressur- 
ing is  heated  only  throughout  the  winter  months  when  it  is  necessary  to  decrease 
the  viscosity  of  the  oil  in  order  to  permit  the  water  to  settle  out. 

The  southeastern  Illinois  oil  field  has  a  total  productive  area  of  about 
92,000  acres,  contains  about  15,000  wells  whose  average  production  is  less  than 
one  barrel  per  well  per  day  and  has  approximately  1000  points  of  collection.  The 
amount  of  cut  oil  to  be  treated  at  each  point  of  collection  therefore  averages 
less  than  15  barrels  per  day.  This  amount  usually  represents  two  or  more  leases, 
oil  from  each  of  which  is  handled  as  a  separate  unit.  Electric  current  is  avail- 
able at  only  a  few  of  the  points  of  collection. 

To  meet  the  requirements  of  conditions  in  the  several  Illinois  oil  fields,  it 
is  necessary  that  any  equipment  to  be  used  for  the  elimination  of  cut  oil  shall 
be  inexpensive  in  both  initial  cost  and  upkeep,  rugged,  simple  in  operation,  and 
that  it  shall  not  require  electric  current  from  a  power  line.  During  the  inves- 
tigation, equipment  was  designed  which  meets  these  requirements. 

The  report  includes  a  discussion  of  the  physical  character  of  emulsions  and 
a  description  of  various  methods  by  which  crude  oil  emulsions  may  be  broken 
down,  with  special  reference  to  electrical  processes.  The  use  of  an  insulating  sheath 
(glass)  is  described  and  the  results  of  tests  on  representative  samples  of  emulsified 
oils  are  given.  A  proposed  layout  for  both  winter  and  summer  use  is  show  n  bj 
a  diagram. 

A  bibliography  of  pertinent  literature  and  patents  is  appended  to  the  report. 
The  reader  is  referred  to  this  in  connection  with  the  discussion  contained  herein. 
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EMULSIONS  AND  METHODS  OF  TREATMENT 

Emulsions 

Physical  character. — An  emulsion  consists  of  minute  globules  of  a  liquid  dis- 
persed in  a  liquid.  In  a  water-in-oil  emulsion  the  differential  specific  gravity 
of  oil  and  water  tends  to  cause  the  water  to  settle,  but  the  emulsified  droplets 
carry  electric  charges  of  like  sign  which  prevent  them  from  coalescing  and  set- 
tling. High  viscosity  of  the  oil  also  hinders  separation  by  preventing  free  move- 
ment of  the  water  through  the  oil. 

An  emulsifying  agent,  such  as  asphalt,  causes  the  formation  of  an  interfacial 
film  which  separates  the  inner  and  outer  phases  of  an  emulsion.  This  film  may 
be  very  tough  so  that  the  emulsion  is  difficult  to  break  down. 

Crude  oil  emulsions  are  of  two  general  types.  The  first  has  as  its  inner 
phase  a  negatively  charged  water  globule ;  this  type  forms  in  oil  well  brines  that 
are  high  in  chlorides  and  this  is  the  type  found  in  Illinois.  The  second  has  as  its 
inner  phase  an  oil  globule,  positively  charged,  surrounded  by  water;  this  type 
forms  in  oil  well  brines  that  have  an  alkaline  reaction,  that  is,  contain  an  excess 
of  hydroxyl  ions.  The  surface  tension  of  the  inner  phase  liquid  is  greater  than 
the  surface  tension  of  the  outer  phase  liquid.  If  the  relative  magnitudes  of  these 
two  tensions  is  reversed,  then  the  inner  liquid  and  the  outer  liquid  change  posi- 
tions. This  may  be  done  by  changing  the  hydrogen  ion  concentration  (pH)  of 
the  emulsion. 

The  charged  water  droplets  are  dispersed  in  oil  which  is  a  good  electrical 
insulator.  On  the  other  hand,  an  oil-in-water  emulsion  is  a  conducting  medium, 
the  conductivity  depending  upon  the  composition  of  the  aqueous  solution.  For 
instance,  an  oil  well  brine  which  contains  a  high  percentage  of  dissolved  salt  is 
an  excellent  conductor  as  compared  to  distilled  water. 

Cause  of  crude  oil  emulsion. — Excessive  rate  of  flow  of  oil  through  sand, 
due  to  a  high  gas  pressure  in  the  reservoir  rock,  tends  to  result  in  a  tough  emul- 
sion, so  that  the  worst  conditions  of  emulsion  occur  early  in  the  life  of  an  oil  well, 
when  natural  gas  pressure  is  high,  and  also  late  when  artificial  methods  of  re- 
covery, such  as  gas  or  air  repressuring,  are  used.  In  either  case  it  has  been  found 
that  back  pressure  at  the  producing  well,  which  decreases  the  rate  of  flow 
through  the  oil  sand,  decreases  the  emulsification. 

In  addition  to  naturally  formed  emulsions,  a  mechanical  emulsion  may  be 
caused  by  leaky  pump  valves,  a  rifled  pipe  line,  or  by  any  violent  agitation  of  a 
mixture  of  oil  and  water.  Certain  practices  or  types  of  equipment,  such  as  the 
use  of  an  air  lift  instead  of  a  pump,  also  increase  the  percentage  of  emulsified 
water.  Such  emulsions  generally  contain  larger  emulsified  droplets  than  the  emul- 
sions which  form  in  the  oil  sand,  and  are  therefore  more  easily  broken  down. 

An  emulsion  caused  by  the  use  of  natural  gas  as  a  repressuring  medium  is 
not  especially  difficult  to  handle,  due  partly  to  the  fact  that  the  large  amount 
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of  gas  dissolved  in  the  oil  reduces  its  viscosity  and  thereby  lessens  the  stability 
of  the  emulsion.  An  emulsion  caused  by  the  use  of  air  repressuring,  however, 
is  generally  tough  and  difficult  to  break  down,  especially  if  oxidized. 

Methods  of  Breaking  Down  Emulsions 

Various  methods,  physical,  chemical,  and  electrical,  have  been  employed  to 
break  down  water-in-oil  emulsions  so  that  the  two  liquids  may  separate  under 
the  influence  of  gravity.  Settling  periods  precede  and  follow  demulsiflcation 
treatment. 

PHYSICAL  METHODS 

Use  of  heat. — Heat  may  be  applied  as  the  only  treatment  or  it  may  be  the 
first  step  in  either  a  chemical  or  electrical  treatment.  Its  purpose  is  to  decrease 
the  viscosity  of  the  oil  and  so  permit  a  more  ready  settling  of  its  water  content. 
Four  methods  of  applying  heat  are  used: — (1)  The  temperature  is  raised  to 
100°-130°  F.  by  means  of  live  steam  which  is  introduced  at  the  bottom  of  the 
tank  through  a  movable  iron  pipe;  (2)  the  accumulated  water  at  the  bottom  of 
the  tank  is  caused  to  circulate  through  an  external  heater  which  operates  on  a 
thermo-syphon  principle — the  basis  of  hot  water  heating  in  a  home.  If  the  level 
of  the  water  which  has  settled  out  from  the  oil  is  not  above  the  upper  intake 
opening  of  the  heater  circuit,  the  necessary  quantity  of  water  is  added  to  the  tank 
before  heating;  (3)  in  certain  oil  fields  heat  is  applied  directly  to  the  bottom  of 
the  iron  tank,  which  however  shortens  the  life  of  the  tank.  In  certain  fields,  due 
to  highly  corrosive  oils,  wooden  rather  than  iron  tanks  are  employed  and  are  of 
course  not  subject  to  direct  heating;  (4)  in  rare  cases  the  tank  is  fitted  with  in- 
terior heating  coils  in  which  either  steam  or  hot  water  may  be  circulated.  This 
practice  is  not  popular,  partly  because  the  tank  as  built  is  calibrated  exactly  so 
that  its  contents  may  be  determined  by  use  of  a  vertical  measuring  stick  and  the. 
addition  of  any  piping  destroys  the  accuracy  of  the  calibration. 

Agitation. — Gentle  agitation  may  tend  to  break  down  the  emulsion  by 
bringing  emulsified  droplets  in  contact  with  one  another  so  that  they  coalesce, 
finally  becoming  large  enough  to  settle  out.  The  following  methods  are  based 
on  this  principle:  (1)  Live  steam  may  be  injected  into  a  tank  of  oil  tbus  pro- 
viding both  agitation  and  heat,  the  amount  dependent  on  the  steam  pressure; 
(2)  compressed  air  may  be  used  instead  of  steam,  especially  during  summer 
months.  In  either  case  the  pipe  is  long  enough  to  reach  the  bottom  of  the  tank 
and  a  flexible  hose  connection  permits  a  stirring  motion;  (3)  the  water  that  has 
settled  to  the  bottom  of  the  tank  may  be  sprayed  through  the  overlying  oil  h\ 
the  use  of  a  perforated  pipe  through  which  the  water  is  forced  upward  In  steam 
or  air  pressure. 

Centrifuge. — In  small  emulsified  droplets,  the  repulsion  of  electric  charges 
prevents   coalescence    and    settling   by   gravity,    but    the    centrifuge,    which    pro 
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vides  a  force  several  hundred  times  as  great  as  gravity,  overcomes  the  repulsive 
force  of  the  electric  charges.  A  laboratory  centrifuge  provides  the  standard  field 
test  for  determining  quantitatively  the  amount  of  emulsified  water  in  an  oil. 

In  certain  districts  of  high  production,  large  centrifuges  are  used  to  break 
down  the  crude  oil  emulsions,  but  for  districts  in  which  production  is  low  and 
scattered,  the  initial  cost  and  upkeep  of  a  centrifuge  is  excessive. 

CHEMICAL  METHODS 

The  knowledge  of  the  physical  structure  of  an  emulsion  assists  in  under- 
standing how  certain  chemicals  act  in  breaking  down  an  emulsion.  The  resist- 
ance of  the  emulsion  to  physical  breakdown  varies  with  the  toughness  of  the  in- 
terfacial  film  which  is  composed  of  the  emulsifying  agent  (for  instance  asphalt 
in  certain  crude  oils)  and  with  the  magnitude  of  the  interfacial  tension  which 
in  turn  depends  on  the  hydrogen  ion  concentration.  An  emulsion  may  be  broken 
down  by  attacking  the  emulsifying  agent  or  by  lowering  the  interfacial  tension. 
The  addition  of  electrolytes  having  strongly  adsorbed  positive  ions  breaks  down 
an  emulsion  by  neutralizing  the  negative  charges  carried  by  the  dispersed  water 
globules.  The  appended  bibliography  may  be  consulted  for  detailed  information 
on  the  use  of  chemicals  for  treating  emulsions. 

MISCELLANEOUS  METHODS 

Certain  light  oils,  such  as  gasoline,  may  be  added  to  decrease  the  viscosity 
of  the  oil,  in  which  case  the  resultant  effect  is  analogous  to  the  decrease  of  vis- 
cosity by  the  increase  of  temperature. 

A  wetted  septum,  which  is  a  water-soaked  canvas  filter,  is  used  in  conjunc- 
tion with  other  methods  of  dehydration.  Its  function  is  to  separate  out  the  water 
globules  which  are  too  coarse  to  flow  through  the  pores  of  the  membrane. 

The  hay-tank  method,  widely  used  in  certain  Texas  oil  fields,  consists  of 
forcing  the  emulsified  oil  through  a  closed  container  filled  with  hay  on  which 
the  water  accumulates  in  droplets  resembling  dew  on  grass.  Wood  excelsior  is 
sometimes  used  instead  of  hay. 

In  another  method,  oil  is  forced  slowly  through  a  very  fine  sand  filter.  The 
emulsified  water  tends  to  adhere  to  the  comminuted  material. 

Electrical  Methods 

GENERAL 

Electrical  processes  are  of  two  general  types.  The  first  uses  high  potential 
alternating  current,  the  rapid  oscillation  of  the  field  causing  adjacent  particles 
to  coalesce.  The  second  uses  low  potential  direct  current  in  which  the  negatively 
charged  water  globules  in  the  emulsion  are  drawn  to  the  anode  (a  process  known 
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as  cataphoresis) ,  where  they  precipitate  and  so  are  separated  from  the  oil.  Methods 
of  either  type  employ  an  electrical  current  and  are  subject  to  the  possible  forma- 
tion of  chains  of  water  droplets  between  the  electrodes  with  consequent  short  cir- 
cuit and  fire  hazard  due  to  the  highly  combustible  materials.  In  efforts  to  decrease 
the  tendency  to  short  circuit,  numerous  mechanical  devices  have  been  used,  such 
as  revolving  one  electrode  in  respect  to  the  other  and  forcing  the  emulsion  to  flow 
between  the  electrodes  at  high  velocity. 

History  of  electrical  precipitation. — H.  C.  Eddy  states  that  the  effect  of  an 
electric  field  on  electrically  charged  particles  has  been  known  for  over  100  years. 
In  1824,  Hohfeld  in  Germany  found  that  if  a  highly  charged  electric  conductor 
were  placed  in  a  smoke  stack,  the  smoke  disappeared.  In  1850,  Guitard  in  Eng- 
land also  noted  that  a  high  potential  wire  in  a  smoke  stack  caused  the  precipi- 
tation of  the  suspended  charged  carbon  particles  which  compose  the  smoke.  In 
1878,  Moller  in  Germany  attempted  commercial  work  on  smoke  abatement  by 
electric  precipitation  but  failed  due  to  an  inadequate  source  of  high  potential 
electricity.  Between  1878  and  1884,  Sir  Oliver  Lodge  in  England  made  a  study 
of  the  effect  of  a  hot  wire  in  an  attempt  to  clear  particles  from  a  gas  and  noted 
the  effect  of  a  superimposed  high  voltage  field  on  the  precipitation  of  charged 
particles.  Hutchinson,  in  1884,  working  under  the  supervision  of  Lodge,  con- 
structed a  Wimshurst  machine  having  two  glass  plates  six  feet  in  diameter,  driv- 
en by  a  one  horse-power  steam  engine,  but  he  failed  to  carry  electric  precipitation 
beyond  an  experimental  stage. 

In  the  early  transportation  of  oil  by  pipe  line,  it  was  found  that  certain 
heavy  crude  oil  tended  to  clog  the  pipe  lines.  In  1904,  J.  B.  Speed  invented  a 
rifled  pipe  in  which  added  water  acted  as  a  lubricant  and  prohibited  pipe  line 
cloggage  but  the  delivered  oil  was  excessively  emulsified. 

In  1906,  F.  G.  Cottrell  discovered  an  industrial  process  of  electric  precipi- 
tation for  acid  fumes,  using  100,000  volts,  rectified  direct  current.  From  1908 
to  1909,  Cottrell,  Speed,  and  A.  C.  Wright  worked  on  electric  dehydration  of 
crude  oil  emulsions.  In  the  first  experiments  they  used  the  same  voltage  used  in 
treating  acid  fumes  and  were  unsuccessful  but  later  found  that  the  emulsions 
could  be  broken  down  by  a  60-cycle  alternating  current  at  11,000  volts.  This 
work  was  covered  by  U.  S.  patents  987,114-987,117  inclusive,  which  were  granl 
ed  March  21,  1911.  A  typical  claim  of  the  above  patents  describes  the  process 
used  as  follows : 

"The  improvement  in  the  art  of  separating  and  collecting  particles  of  a  liquid 
suspended  in  another  liquid  relatively  lighter  and  which  is  essentially  a  non-conductor  of 
electricity,  which  consists  in  causing  the  material  to  be  treated  to  enter  the  electrical  treat- 
ing vessel  in  the  form  of  streams  impinging  upon  the  upper  surface  of  the  liquid  contents 
of  the  vessel  in  such  manner  as  to  cause  a  stirring  of  said  surface  and  thorough  mixing  oi 
said  inflowing  material,  and  thence  to  flow  downward  between  electrodes  whose  essentiallj 
active  surfaces  are  immersed  below  the  surface  layers  of  said  material,  and  air  connected 
to  a  source  of  electricity  of  sufficient  voltage  to  produce  coalescence  of  the  suspended  par- 
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tides  in  such  wise  as  to  cause  the  rapid  separation  of  the  two  liquids  and,  at  the  same 
time,  prevent  the  coalescing  globules  from  forming  complete  chains  short  circuiting  the 
electrodes." 

High  potential  alternating  current  processes. — H.  C.  Eddy  describes  various 
modifications  of  the  Cottrell  electric  current  dehydrator.  Rainey  and  Laird  de- 
veloped an  intermittent  treater  with  a  series  of  electrodes  and  a  selector  switch 
operating  in  synchronism  with  an  alternating  current,  by  means  of  which  the 
peaks  of  the  sine  waves  were  picked  up  and  switched  alternately  from  one  elec- 
trode to  the  other  electrode.  Bowles  and  McNear  designed  an  equipment  in 
which  horizontal  discs  and  rings  are  attached  respectively  to  a  circular  electrode 
and  to  the  shell.  C.  W.  McKibben  developed  a  high  velocity  type  of  treater, 
using  a  small  circular  electrode  in  conjunction  with  a  constant  current  trans- 
former. 

In  1918,  F.  W.  Harris  designed  the  National  Type  closed  unit  treater,  oper- 
ated under  pressure,  which  conserves  the  lighter  volatile  gases  that  escaped  in 
the  open  types  of  electric  current  dehydrators.  This  unit  consists  of  a  stationary 
electrode  made  up  of  parallel  vertical  plates,  designed  as  polarizers,  alternate 
plates  being  charged  and  the  others  electrically  grounded.  This  treater  combines 
a  dehydrating  unit  and  a  settling  tank  and  is  therefore  more  compact  than  those 
previously  used. 

The  Petroleum  Rectifying  Company  of  California  obtained  control  of  the 
various  types  of  electric  current  demulsifiers.  In  1922,  they  discontinued  the  use 
of  open  type  treaters,  standardizing  on  a  treater  known  as  the  horizontal  flow, 
or  type  HF,  in  which  the  oil  flows  horizontally  from  a  central  point  in  the  treat- 
er through  successive  concentric  zones  of  high  electrical  intensity,  the  live  elec- 
trode being  agitated  in  order  to  decrease  the  tendency  toward  electrical  break- 
down. 

In  1925,  H.  F.  Fisher  developed  an  improved  dehydrator,  known  as  the  CF 
type  treater,  the  main  feature  of  which  consists  of  injecting  the  oil  to  be  treated 
into  the  electric  field  at  the  most  effective  point. 

Still  another  type  of  treater,  referred  to  as  the  HS  or  horizontal  screen  type, 
has  been  developed  to  handle  the  fast-settling,  non-viscous  oils  of  West  Texas. 

Another  successful  electric  current  dehydrator  is  the  DTCFP  or  the  double 
transformer,  concentrated  field,  pressure  unit.  Its  essential  feature  is  the  use  of 
a  double  transformer  in  which  both  electrodes  are  live,  the  oil  being  passed  into 
the  treater  at  the  most  effective  point  and  the  voltage  applied  to  the  electrodes  in 
such  a  manner  as  to  render  the  treater  most  efficient  with  a  minimum  amount  of 
short  circuiting  effect  and  the  lowest  possible  voltage  to  ground. 

Low  potential  direct  current  processes. — In  1918,  Seibert  and  Brady  of 
The  Gulf  Oil  Company  developed  an  electric  current  dehydrator  (U.  S.  Patent 
No.  1,290,369,  January  7,  1919),  which  uses  low  voltage  direct  current,  instead 
of  a  high  voltage  alternating  current,  as  in  the  previous  types.     The  wall  of  the 
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treater  acts  as  one  electrode  and  the  small  shell,  placed  concentrically  within,  as 
the  other.  The  cut  oil,  warmed  to  facilitate  treatment,  goes  through  the  field 
quite  rapidly,  hence  little  electrolysis  takes  place.  In  operation  the  oil  may  be 
introduced  at  the  bottom  if  the  water  content  is  low,  or  at  the  top  if  it  is  high. 
The  water  separates  toward  the  electrode  whose  sign  is  opposite  to  that  of  the 
emulsion,  which  may  be  either  the  inner  or  outer  electrode  as  the  polarity  can  be 
reversed.  A  unit  which  requires  500  volts  of  direct  current  with  2  to  15  am- 
peres, depending  upon  the  amount  of  water  in  the  oil,  will  treat  about  750  bar- 
rels of  oil  in  a  day. 

Cost  of  electric  current  dehydration. — Dow  states  that  the  installation  costs 
of  various  forms  of  electric  current  dehydrators  usually  range  from  $2,000  to 
$3,000,  exclusive  of  the  cost  of  a  steam  boiler,  lease  tankage,  or  pipe  work.  If  an 
electric  power  line  is  not  available,  an  electric  current  generating  unit  is  also 
required,  the  cost  of  which  is  usually  more  than  $1000. 

The  capacity  of  such  a  unit  is  usually  from  500  to  2000  barrels  per  day, 
depending  upon  the  percentage  of  water  in  the  cut  oil.  The  cost  of  operation 
usually  varies  from  2  to  5  cents  a  barrel  on  the  treated  oil.  This  cost  includes 
license  fees,  labor,  power,  and  fuel  costs.  Usually  there  is  a  sliding  scale  royalty 
charge  which  varies  from  0.5  to  2  cents  per  barrel,  depending  upon  the  number 
of  barrels  of  oil  treated  per  month.  A  typical  contract  specified  2  cents  per  bar- 
rel for  the  first  10,000  barrels  per  month,  with  a  sliding  scale,  to  0.5  cents  per 
barrel  for  200,000  barrels  per  month. 

With  large  production,  where  a  group  of  parallel  treating  units  are  used, 
the  installation  cost  per  unit  is  somewhat  less  due  to  the  fact  that  the  electric 
equipment  and  the  fuel  may  serve  several  units.  In  such  a  case,  the  labor  charge 
is  also  less  because  one  operator  is  able  to  take  care  of  several  units  at  a  time. 

ELECTRIC  CONDENSER  PROCESS  OF  DEMULSIFICATION 

Equipment 

Although  all  alternating  current  processes  for  oil  demulsifkation  depend 
upon  electric  condenser  action,  the  process  herein  described,  which  is  called  for 
convenience  "the  electric  condenser  process,"  is  characterized  by  the  use  of  an 
insulating  sheath  surrounding  one  electrode,  thereby  preventing  electrical  break- 
down. 

In  developing  the  electric  condenser  process  suited  to  the  dehydration  of 
Illinois  crude  oils,  three  types  of  condensers  were  tested:  (a)  a  glass  tube  in  radi- 
ator form  between  two  parallel  condenser  plates  (Fig.  1 )  ;  (b)  two  parallel  glass 
sheets  between  two  condenser  plates  (Fig.  2)  ;  and  (c)  a  concentric  condenser  in 
which  the  inner  electrode  is  a  wire  enclosed  in  an  insulating  glass  tube  (Fig.  3  ). 
The  insulating  material  used  must  not  be  subject  to  corrosion  by  crude  oil. 

These  three  types  of  equipment  may  be  used  either  for  a  batch  process  or 
for  a  continuous  flow  process.     In  the  batch  process,   the  emulsified   oil   is  sub 
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Fig.  1 — Condenser  consisting  of  glass  tubes  between  parallel  condenser  plates. 


Fig.  2 — Condenser  consisting  of  two  parallel  glass  sheets  be- 
tween two  condenser  plates. 


jected  to  the  alternating  field  for  the  length  of  time  necessary  to  break  down  the 
emulsion,  then  removed  and  a  new  batch  is  introduced  and  treated.  In  the 
continuous  flow  process,  the  rate  of  flow  is  regulated  so  that  the  oil  remains  in 
the  equipment  long  enough  for  the  treatment. 

In  the  concentric  electrode  design   (Fig.  3)   the  outer  electrode  is  a  2-inch 
inside  diameter  steel  pipe  and  the  inner  is  a  copper  wire  enclosed  in  capillary  glass 
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tube  which  is  held  in  concentric  position  by  spacers.  A  broken  glass  tube  may 
be  replaced  by  unscrewing  the  upper  cap  and  inserting  a  new  tube.  In  the  design 
illustrated  the  oil  is  contained  in  four  parallel  steel  pipes,  each  approximately  3 


Fig.  3 — Condenser  consisting  of  concen- 
tric electrodes — the  equipment  used 
in  field  tests  on  electrical  dehydration 
of  emulsified  oil. 

feet  long  and  each  of  which  is  a  unit  within  itself.  The  four  parallel  pipes  were 
used  instead  of  one  pipe  for  convenience  in  transportation,  but  for  a  permanent 
field  unit  a  preferable  design  is  one  giving  continuous  series  How  through  12  feet 
of  pipe.  Such  a  design  requires  fewer  pipe  fittings,  the  flow  of  oil  is  faster,  and 
clogging  is  eliminated. 

The  dehydrator  has  a  batch  capacity  of  approximately  2  gallons  and  a  con 
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tinuous  flow  capacity  of  from  30  to  60  gallons  per  hour,  depending  on  the  ease 
of  dehydration  of  the  oil  requiring  treatment  (namely,  four  minutes  for  a  fairly 
tough  emulsion  and  two  minutes  for  an  average  Illinois  oil  emulsion). 

The  auxiliary  electric  equipment  consists  of  an  automobile  storage  battery 
and  a  Model  T  Ford  spark  coil.  One  terminal  of  the  spark  coil  is  attached  to 
the  outside  pipe,  which  is  grounded,  while  the  other  terminal,  which  is  live,  is 
connected  by  an  armored  cable  to  the  inside  copper  wire.  The  energy  consump- 
tion comprises  the  wattage  furnished  by  the  storage  battery  and  is  composed  of 
both  induction  coil  loss  and  condenser  loss. 

All  the  field  tests  were  made  by  this  equipment  ( Fig.  3 ) .  It  is  substantial, 
and  both  storage  battery  and  spark  coil  are  standard  equipment  which  are  suffi- 
ciently rugged  and  simple  to  be  used  by  any  practical  operator.  The  use  of  the 
storage  battery  and  coil  is  made  possible  by  the  minimum  power  consumption 
required  for  a  condenser  field.  If  it  is  found  desirable,  a  midget  high  potential 
transformer  may  replace  the  storage  battery  and  spark  coil  in  oil  fields  where 
alternating  current  is  available. 

Results  of  Tests 
The  action  of  an  alternating  electric  field  in  breaking  down  an  emulsion 
is  illustrated  in  Figures  4-6.*  The  results  will  be  comparable,  regardless  of  the 
type  of  equipment  used.  Oil,  in  various  stages  of  emulsion  breakdown,  was 
smeared  on  dry  microscopic  slides,  magnified,  and  photographed  in  a  horizontal 
position  under  transmitted  light.  The  distance  between  the  lines  shown  on  the 
scale  is  0.01  mm.  or  0.0004  inch. 
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Fig.  A — Photomicrograph  showing  emulsified  oil    (a)    untreated  and    (b)   treated 
electrically  for  one  minute. 


The  equipment  used  is  shown  in  Figure  1. 
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The  diameter  of  the  emulsified  droplets  before  treatment  (Fig.  4,  a)  is  of 
the  order  of  approximately  1/100  of  the  distance  between  lines  on  the  scale  or 
0.000004  inch.  The  high  magnification  was  necessary  to  show  the  individual 
emulsified  particles  of  water.  Figure  4  b  shows  the  water  globules  increased  in 
size  due  to  condensation  by  coalescence,  after  being  subjected  to  an  electric  field 
for  one  minute. 

The  second  stage  of  dehydration  in  which  the  field  has  been  applied  for  two 
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FlG.  5 — Photomicrograph  showing  emulsified  oil  after  electrical  treatment  last- 
ing (a)  two  minutes,  (b)  four  minutes,  (c)  five  minutes,  and  (d)  six  min- 
utes. 
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Fig.    6 — Photomicrograph   showing  emulsified   oil   after   eight  minutes   electrical 
treatment.     The  water  globule  is  125  million  times  the  size  of  those  in  the 
original  emulsion. 

minutes  is  shown  in  figure  5  a.  The  magnification  is  reduced  to  about  1/5  that 
of  the  previous  scale. 

The  influence  of  a  field  for  four  minutes  is  shown  in  figure  5  b.  Some  of 
the  globules  have  a  diameter  of  approximately  the  width  of  a  scale  spacing.  Four 
minutes  is  apparently  the  shortest  period  effective  in  breaking  down  an  emulsion 
to  large  enough  particles  so  that  the  water  settles  rapidly  under  the  influence  of 
gravity. 

Oil  shown  in  figure  5c  was  treated  for  five  minutes  and  that  shown  in  fig- 
ure 5d  for  six  minutes.  The  latter  shows  two  large  globules  whose  boundary 
films  have  been  broken  down  and  which  are  in  the  process  of  coalescing.  Direct- 
ly below  them  are  shown  two  globules  coming  together  but  whose  boundary  films 
have  not  yet  been  ruptured. 

The  effect  of  the  electric  field  over  a  period  of  8  minutes  is  shown  in  fig- 
ure 6.  The  oil  is  practically  free  from  the  smaller  water  globules  and  the  large 
globule  shown  is  approximately  5  scale  spacings  in  diameter,  or  about  500  times 
the  diameter  of  the  average  water  globule  before  treatment.  As  the  volume  ratio 
of  two  particles  equals  the  ratio  of  the  cubes  of  the  diameters,  it  is  evident  that 
the  large  globule  is  125  million  times  the  size  of  the  original  emulsion  globules. 

METHOD  OF  WATER  DETERMINATION 

Centrifuge  tests  were  made  to  determine  the  water  content  both  before  and 
after  treatment  of  emulsified  oil  from  repressured  properties  of  the  Tidewater 
Oil  Company.    The  centrifuge  used  was  the  large  electrically  driven  Babcock 
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type  which  is  used  for  testing  milk.  The  centrifuge  has  a  radius  arm  six  inches 
long.  A  readjustment  of  the  rheostat  to  increase  the  speed  from  2200  to  2500 
revolutions  per  minute  resulted  in  no  additional  removal  of  water.  The  higher 
speed  is  not  satisfactory  for  testing  purposes,  due  to  the  fact  that  the  centrifugal 
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Fig.  7 — Graph  showing  time-rate  reduction  of  water  in  emulsified  oil,  con- 
taining initially  1.1  per  cent  water,  when  treated  in  centrifuge  at  a 
temperature  of  80°   F. 

force  is  great  enough  to  cause  breakage  of  the  glass  centrifuge  tubes.  The  tubes 
are  the  standard  tubes  used  by  the  American  Society  for  Testing  Materials.  They 
hold  100  cc.  and  are  tapered  at  the  lower  end  with  calibration  reading  directly 
to  0.1  cc.  or  one-tenth  of  one  per  cent. 

The  centrifuge  tests  made  in  this  investigation  used  a  centrifugal  force  two 
or  three  times  as  high  as  those  in  standard  field  practice  as  described  by  D.  B. 
Dow  in  Bulletin  No.  250  of  the  U.  S.  Bureau  of  Mines,  p.  6: 

"The  tubes  are  .  .  .  placed  in  the  centrifuge,  which  revolves  at  high  speed 
for  2  to  10  minutes,  depending  upon  the  oil  and  the  speed  of  the  centrifuge.  The 
latter  is  ordinarily  about  1500  r.p.m." 

Figure  7  shows  the  results  of  centrifuging,  for  various  periods,  portions  from 
the  same  sample  of  emulsified  oil  which  contained  1.1  per  cent  water  before  cen- 
trifuging. The  ordinate  percentages  are  of  the  total  emulsified  water,  thai  is 
100  per  cent  in  the  graph  represents  no  removal  of  water.  These  tests  weir  made 
at  a  temperature  of  80°  F. 
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LABORATORY   TESTS   ON   ELECTRIC   CONDENSER 
DEHYDRATION  OF  ILLINOIS  OIL 

In  selecting  samples  of  cut  oil  for  use  in  laboratory  tests  of  electric  condenser 
dehydration,  it  was  attempted  to  secure  them  from  areas  in  which  most  difficulty 
is  experienced  in  dehydration.  Two  sets  of  5-gallon  samples  of  emulsion  from  stock 
tanks  on  repressured  properties  were  furnished  to  the  Survey  by  the  Tidewater 
Oil  Company  and  one  by  the  Ohio  Oil  Company.  Two  hundred  tests  of  electric 
condenser  dehydration  were  made  on  these  three  different  emulsified  oils.  Typical 
results  are  presented  in  Tables  1,  2,  and  3. 

TESTS  WITH   PARALLEL  ELECTRODES 

Table  1  records  the  results  of  dehydration  for  various  durations  of  treat- 
ment of  emulsions  which  contained  various  percentages  of  water  before  treatment. 

A  sample  of  oil  field  emulsion  in  a  5-gallon  can  was  allowed  to  stand  for 
several  days.  From  various  levels  in  this  can  samples  were  pipetted  into  2-litre 
flasks.  Each  sample  was  allowed  to  settle  for  12  hours  and  any  free  water  that 
had  been  pipetted  was  discarded.  The  sample  was  then  divided  into  two  parts, 
one  of  which  was  tested  by  centrifuge  for  per  cent  of  emulsified  water,  and  the 
other  subjected  to  electric  treatment. 

In  this  experiment  an  induction  coil  was  operated  at  6  volts  and  2  amperes 
from  an  automobile  battery.  The  three  glass  test  tubes  0.8  inch  in  diameter  and 
about  6  inches  high  which  contained  the  oil  were  placed  between  the  two  parallel 
metallic  electrodes  spaced  0.9  inch  apart.    In  parallel  circuit  with  the  electrode 


Table  1. — Results  of  laboratory  tests  on  electric  condenser 

dehydration  of  crude  oil  at  80°  F. 

Oil  in  glass  tubes  between  parallel  electrodes 


Treated   emulsion 

Per  cent  Water 

in  untreated 

emulsion  A 

Time    treated 
(minutes) 

Stirred    during 

treatment 

Per  cent   water   after 

Not    stirred    during 

treatment 

Per   cent   water   after 

settling  24  hours 

settling   24   hours 

4.4 

2 

0.4 

4.2 

4 

— 

0.2 

3.2 

5 

0.2 

— 

10.0 

5 

0.5 

— 

4.0 

6 

— 

0.1 

2.0 

8 

— 

0.1 

6.0 

10 

— 

0.1 

3.2 

10 

0.2 

— 

4.8 

10 

0.2 

— 

6.5 

10 

0.4 

— 

10.0 

10 

0.5 

— 

a  The  percentage  of  water  in  the  untreated  emulsion  was  the  amount  after  the 
emulsion  had  settled  12  hours  and  just  before  treatment. 
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was  a  0.5  inch  spark  gap.  The  oil  was  stirred  slowly  by  hand  with  a  glass  rod 
while  being  subjected  to  the  potential  field.  A  Model  T  Ford  spark  coil  with  an 
interrupter  frequency  of  approximately  60  vibrations  per  second  was  used,  but 
due  to  the  series  of  overtone  frequencies,  the  effective  frequency  is  always  greater 
than  the  mechanical  frequency. 

Results  for  identical  experimental  conditions,  with  the  exception  that  the 
oil  was  not  stirred  during  electrical  treatment  are  also  shown  in  Table  1.  Appar- 
ently there  is  no  advantage  in  stirring  the  oil  during  treatment.     A  blank  test, 


Fig.  8 — One  sample  of  untreated   (left)   and  three  samples 
of  treated   emulsified   oil. 


without  electric  treatment  on  an  emulsion  containing  3.2  per  cent  water,  showed 
that  3.0  per  cent  water  remained  in  the  oil  after  settling  for  24  hours  subsequent 
to  the  time  of  treatment  of  other  samples.  This  compares  to  a  maximum  of  0.5 
per  cent  water  with  electrical  treatment  and  indicates  that  in  this  particular  oil, 
treatment,  other  than  settling,  is  necessary  to  break  down  the  emulsion. 

Figure  8  shows  three  samples  of  treated  oil  to  the  right,  in  which  the  water 
has  settled  out,  and  one  of  untreated  oil,  left,  which  shows  no  settling  after  eighl 
months.   All  are  parts  of  the  same  original  sample. 
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A  series  of  tests  was  made  to  ascertain  the  influence  of  temperature  on  the 
efficiency  of  electrical  dehydration  (Fig.  9).  All  tests  were  on  portions  of  the 
same  sample  which  contained  3.4  per  cent  emulsified  water.  The  ordinate  of  each 
point  represents  the  percentage  of  emulsified  water  remaining  after  electrical 
treatment  for  five  minutes  at  the  temperature  shown  by  the  abscissa.  The  three 
intermediate  points  represent  single  tests;  the  end  points  represent  the  mean  of 
duplicate  tests.  The  extrapolated  portion  of  the  curve,  shown  by  a  dashed  line, 
is  based  on  viscosity. 


90 


100 


110" 


70"  60' 

TEMPERATURE     F 

Fig.  9 — Graph  showing  effect  of  temperature  of  treatment  on  dehydration  of  crude 

oil.    All  tests  were  on  portions  of  the  same  sample  which  contained   3.4  per  cent 

water.    The  treatment  was  for  five  minutes  for  each  test. 


This  curve  indicates  clearly  that  the  efficiency  of  electrical  treatment  increases 
at  higher  temperatures  and  decreases  rapidly  at  lower  temperatures  although 
80°  F.  is  satisfactory  for  all  Illinois  oils  tested  when  time  of  treatment  is  ade- 
quate. The  essential  feature  of  electrical  dehydration  consists  of  the  coalescence 
of  water  globules  due  to  their  movement  under  the  influence  of  an  alternating 
field,  but  at  low  temperatures  the  increased  viscosity  of  crude  oil  interferes  with 
the  free  movement  of  the  charged  globules,  until  at  the  point  of  congealing  all 
movement  is  prevented.  It  is  to  be  expected  that  a  less  viscous  oil  may  be  treated 
at  a  lower  temperature  than  is  permissible  with  oils  of  greater  viscosity. 

For  each  crude  oil  it  is  necessary  to  determine  experimentally  the  optimum 
temperature  for  dehydration  and  settling.     In  order  to  avoid  unnecessary  heat- 
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ing  in  winter  time,  it  is  desirable  to  determine  the  lowest  temperature  at  which 
the  water  can  be  reduced  to  the  percentage  necessary  to  meet  pipe  line  and  re- 
finery specifications. 

TESTS   WITH    PARALLEL   ELECTRODES   USING   CONTINUOUS    FLOW 

A  series  of  electric  dehydration  tests  were  made  under  continuous  flow  con- 
ditions in  the  equipment  shown  in  figure  1.  These  tests  were  on  parts  of  the  sec- 
ond lot  of  emulsified  oil  from  repressured  properties  of  the  Tidewater  Oil  Com- 
pany. Table  2  shows  results  for  periods  of  treatment  from  5  to  10  minutes  on 
samples  containing  from  2.6  to  6  per  cent  water.  All  tests  were  made  at  a  tem- 
perature of  80°  F.  The  general  procedure  of  sampling  was  the  same  as  that  de- 
scribed on  page  22. 

Table  2 — Results  of  laboratory  tests  on  continuous  flow  condenser  dehydration 
of  crude  oil  at  80°  F.  (Fiy.  1) 


Per  cent  water 

in  untreated 

emulsion  a 


5.0 
5.0 
5.0 
6.0 
6.0 
6.0 
6.0 
2.6 


Treated  Emulsion 


Time  treated 

Per  cent  water 

(minutes) 

after  settling  24  hrs. 

5 

0.4 

5 

0.4 

5 

0.2 

8 

0.3 

10 

0.4 

10 

0.3 

10 

0.4 

10 

0.5 

a  The  percentage  of  water  in  the  untreated  emulsion  was  the  amount  after  the  emul- 
sion had  settled  12  hours  and  just  before  treatment. 


TESTS  WITH  CONCENTRIC  ELECTRODES 

Table  3 — Results  of  laboratory  tests  on  electric  condenser 

dehydration  of  crude  oil  at  SO"   F. 

Oil  between  concentric  electrodes    (laboratory  unit),  not  flowing 


Per  cent  water  in 
untreated 
sample  a 

Treated    Emulsion 

Time 
(minutes) 

Per  cent  water 
after  settling  24  hrs. 

1.8 
1.8 
1.1 

0.8 
1.8 

2 
4 
4 
4 
6 

0.4 
0.3 
0.2 
0.1 
0.3 

a  The  percentage  of  water  in  the  untreated  emulsion  was  the  amount  after  the  i 
sion  had  settled  12   hours  and  just  before  treatment. 

Table  3  gives  the  results  for  a  concentric  electrode  dehydration  unit  as  pre 
viously  described   except  that  the   laboratory   unit  consisted   of   onl\    one   .vtoni 
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tube.  The  tests  were  on  emulsified  oil  from  repressured  properties  of  the  Ohio 
Oil  Company  and  were  sampled  as  described  on  page  22.  The  results  indicate 
that  the  concentric  electrodes  are  as  effective  as  the  parallel  electrodes  in  reduc- 
ing the  percentage  of  water  below  the  permissible  limit. 

FIELD  TESTS 

The  field  unit  (Fig.  3)  was  used  in  the  field  to  make  dehydration  tests  on 
emulsified  oil  from  repressured  properties  of  the  Tidewater  Oil  Company  and 
Ohio  Oil  Company.  The  samples  were  dipped  out  in  3-gallon  buckets  from  near 
the  surface  of  oil  in  the  stock  tank  which  had  been  standing  for  several  days.  The 
emulsified  oil  was  divided  into  two  parts,  one  of  which  was  centrifuged  later  in 
the  laboratory  and  the  other  electrically  treated  in  the  field  unit. 

The  results  of  tests  made  at  the  Tidewater  Oil  Company  Repressuring 
Plant  No.  3,  north  of  Robinson,  Illinois,  are  given  in  Table  4. 

Table  A — Results  of  field  tests  on  electric  condenser  dehydration  of  crude  oil  at 

properties  of  the   Tidewater  Oil  Company 

Oil  between  concentric  electrodes   (field  unit,  Fig.  3),  not  flowing. 


Lease 


Cox    

Cox    

Cox    

Cox    

Lloyd-Black 
Lloyd-Black 
Lloyd-Black 
Lloyd    


Per  cent  water 

in   untreated 

sample  * 


1.9 
1.9 

0.6 
0.6 
2.2 
2.2 
2.2 
0.2 


Treated  Emulsion 


Time  treated 
(minutes) 


Per    cent    water 

after  settling 

24  hrs. 


0.3 
0.2 
0.2 
0.1 
0.1 
0.1 
0.1 
0.0 


a  The  percentage  of  water  in  the  untreated  emulsion  was  the  amount  after  the  emul- 
sion had  settled  12  hours  and  just  before  treatment. 

Samples  from  the  M.  Newlin  and  Ed.  Simpson  leases  were  from  oil  that 
had  not  settled.  They  were  taken  from  the  gunbarrel  tanks,  and  showed  water 
contents  of  44  and  72  per  cent,  respectively.  After  electrical  treatment  for  four 
minutes  and  settling  for  24  hours  the  water  contents  were  1.6  and  3.6  per  cent, 
respectively.  This  shows  the  necessity  for  permitting  the  free  water  to  settle  out 
before  electrical  treatment. 

Results  of  the  field  tests  made  on  badly  emulsified  oils  taken  from  various 
repressured  properties  of  the  Ohio  Oil  Company  near  Robinson,  Illinois,  are 
shown  in  Table  5.  It  may  be  noted  that  in  all  cases  where  adequate  time  of  treat- 
ment (minimum  4  minutes)  has  been  given  the  results  meet  pipe  line  specifica- 
tions as  contrasted  to  exceedingly  high  values  for  the  settled  oil  which  had  not 
been  treated. 
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Table  5 — Results  of  field  tests  on  electric  condenser  dehydration  of  crude  oil 
at  properties  of  the  Ohio  Oil  Company 

Oil  between  concentric  electrodes    (field  unit,  Fig.  3),  not  flowing. 


Lease  A 

Per  cent  water 

in  untreated 

emulsion  B 

Treated  Emulsion 

Settled 

Time  treated 

(minutes) 

per  cent  water 

after  settling 

24  hrs. 

60   hrs., 
untreated 

J.  H.  Wood  No.  23 
J.  H.  Wood  No.  23 

J.  H.  Wood  No.  23 

J.  H.  Wood  Nos.  23-25 
J.  H.  Wood  Nos.  23-25 
J.  H.  Wood  Nos.  23-25 
E.   A.   Cortelyou   No.  3 
E.  A.   Cortelyou   No.  3 
E.  A.   Cortelyou   No.  3 
C.   S.   Jones 

18.0 
18.0 
18.0 

5.0 

5.0 

5.0 

37.0 

37.0 

37.0 

0.7 

0.7 

0.7 

2 
4 
6 
2 
4 
6 
2 
4 
6 
2 
4 
6 

0.8 
0.6 
0.5 
0.6 
0.5 
0.4 
0.4 
0.2 
0.1 
0.3 
0.2 
0.1 

3.0 
3.0 
3.0 
1.1 
1.1 
1.1 
1.6 
1.6 
1.6 
0.6 

C.   S.   Jones 

C.   S.    Jones 

0.6 
0.6 

AThe  location  of  leases  in  Crawford  County  is: 
J.  H.   Wood,   sec.   33,  T.   7  N.,  R.   13   W. 
E.  A.  Cortelyou,  sec.  28,  T.   7  N.,  R.   13   W. 
C.  S.  Jones,  sec.  9,  T.   7  N.,  R.   12   W. 

b  The  percentage  of  water  in  the  untreated  emulsion  was  the  amount  after  the  emul- 
sion had  settled  12  hours  and  just  before  treatment. 
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Fig.  10 — Diagram  showing  elevation  and  plan  of  suggested   lay-out  for  commercial  in- 
stallation of  electric  condenser  dehydrator. 
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Commercial  Installation 

It  is  believed  that  the  electric  condenser  dehydrator  can  be  installed  on  many 
leases  in  such  a  way  as  to  make  use  of  existing  tankage  and  equipment.  A  sug- 
gested plan  for  a  field  lay-out  is  illustrated  in  figure  10  and  is  described  in  the 
following  paragraphs.  It  is  realized  that  this  plan  is  not  necessarily  suited  to  all 
cases  and  that  modification  to  suit  individual  needs  may  be  necessary. 

The  hookup  of  the  electric  condenser  dehydrator  with  the  customary  layout 
of  gun-barrel  and  shipping  tanks  is  shown  in  figure  10.  No  change  at  all  is 
needed  within  the  gun-barrel  separating  tank. 

The  dehydrator  can  be  installed  between  the  gun-barrel  and  the  stock  tank 
by  inserting  a  stop  at  the  end  of  the  pipe  from  the  gun-barrel  tank  and  connect- 
ing the  pipe  to  the  dehydrator  behind  this  stop.  In  summer  this  stop  is  kept  closed 
and  the  oil  flows  from  the  gun-barrel  tank  through  the  dehydrator  and  into  the 
summer  stock  tank  as  shown  in  figure  10  (elevation). 

In  winter  a  third  tank  is  needed  and  if  it  is  buried,  as  shown,  the  dehydration 
can  still  take  place  under  gravity  flow.  Oil  is  run  into  the  summer  stock  tank 
and  heated,  then  run  to  the  dehydrator  through  a  pipe  connected  near  the  bottom 
of  the  summer  stock  tank  (shown  in  plan  but  not  in  elevation).  This  pipe  is 
fitted  with  a  stop  to  control  the  flow  of  oil  through  the  dehydrator  and  into 
the  buried  stock  tank.  From  the  buried  tank  the  oil  can  be  pumped,  either  by 
hand  or  by  a  jack  from  the  power,  into  the  shipping  tank. 
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Curran,  W.  P.,  West  Texas  cut  oils  yield  to  scientific  chemical  treatment.     Oil  and  Gas 
Jour.,  vol.  29,  p.  76.  Apr.  2,   1931. 
Use  of  Tret-o-lite  in  oil  well. 

Dodd,  H.  V.,  Resolution  of  petroleum  emulsions.     Inst.  Pet.  Tech.  Jour.,  vol.   9,   p.   112, 
April,   1923. 

Discusses  the  problem  of  oil  well  emulsions. 

Dow,  D.  B.,  Oil  field  emulsions.     U.  S.  Bureau  of  Mines  Bull.  250    (1926). 

Discusses  chemical  and  electrical  methods  of  treating  oil   field  emulsions. 

Dow,  D.  B.,  and  Reistle,  C.  E.,  Physical  chemistry  of  oil  field  emulsions.     U.  S.  Bureau 
of  Mines,  R.  I.  2692,  June,  1925. 

A  theoretical   discussion  of  petroleum  emulsions. 

Eddy,   H.    C,   History   of   electrical    dehydration.     The   Electrical    Dehydrator,    p.    1,   Jan. 
1931;  p.  1,  Apr.,  1931. 

Reviews  the   Cottrell   process   and   modifications. 

Eddy,  H.  C,  Adjustable  field  dehydrator.     U.  S.  Patent  No.  1,430,295,  Sept.  26,  1922. 

Movable  electrode  gives  variable  field  strength  to  guard  against  electrical  break- 
down. 
Eddy,   H.   C,  Double  field   dehydrator.     IT.   S.  Patent.  No.   1,430,296,   Sept.  26,   1922. 

Describes  a  series  of  rotating  horizontal  discs  about  a  vertical  axial  electrode 
with  stationary  disc  electrodes  attached  to  wall  of  tanks  projecting  between  movable 
discs  in  a  double  field.  Rotating  electrodes  are  used  to  minimize  electrical  break- 
down. 

Eddy,  H.  C,  Variable  field  dehydrator.     U.  S.  Patent  No.  1,442,608,  Jan.  16,  1923. 

A  variable  electrode  spacing  is  used  to  lessen  tendency  to  electrical  break-down. 

Eddy,   H.   C,   Rotating  electrode   closed   treater  for   petroleum    emulsions.      U.    S.   Patent 
No.   1,466,208,   Aug.  28,   1923. 

A  closed  tank  with   rotating  electrode  is   used   to  avoid   electrical   break-down. 

Eddy,  H.  C,  Process  of  dehydrating  oil.     U.  S.  Patent  No.  1,580,591,  Apr.  13,   1926. 

An   electrical   process   to   remove   water   and   solid    impurities   from    an   oil    emul- 
sion. 
Eddy,  H.  C,  Method  of  and  apparatus  for  dehydrating  petroleum  oil.     U.   S.  Patent  No. 
1,779,695,  Oct.  28,  1930. 

An  electrical  dehydrator  in   which  treated   oil  may  be   introduced   into  emulsified 
oil. 
Eddy,    H.   C,   Dehydrating   apparatus   having   preliminary    agglomerator.      U.    S.   Patent 
No.  1,796,750,  "Mar.  17,  1931. 

Mechanical    agglomeration    of    dispersed    particles    previous    to    electrical    dehy- 
dration. 
Eddy,  H.  C,  Insulator,   V.  S.  Patent   No.   1,807,781,  June  2,    1931. 

An  insulator  for  bringing  current  into  a  dehydrator  through  a  conducting  metal 
lie  wall. 

Eddy,    H.    C,    Filtration    process    for    breaking    emulsions.      U.    S.    Patent    No.    1,807,833, 
June  2,  1931. 

The  combination   of   a    powdered   dehydrating   agenl    and    ;i    porous    diaphragm. 

Eddy,   H.   C,  Method  of   removing  a   salt  from  oil.     U.   S.  Patent  No.    1,825,309,   Sept.   29, 
1931. 

Addition   of  solvent  to  dissolve  salt   with   subsequent  electrical   dehydration. 
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Eddy,  H.  C,  Method  of  salvaging  oil  from  sludge.     U.  S.  Patent  No.   1,826,276,  Oct.   6, 
1931. 

Retreatment  of  sludge  by  secondary  electric  debvdration. 

Eddy,  H.  C,  Treater  for  intermittent  treating  fluid.  U.  S.  Patent  No.  1,838,375,  Dec.  29, 
1931. 

A  treater  so  arranged  that  the  emulsion  may  be  introduced  between  the  elec- 
trodes intermittently  to  prevent  electrical   break-down. 

Eddy,  H.  C,  Treater  having  centrifugal  dry  oil  circulation.     U.  S.  Patent  No.  1,838,376, 
Dec.  29,  1931. 

The  electrical  path  between  electrodes  is  lengthened  by  di-electric  baffles.     Agi- 
tation by  centrifugal  flow  of  emulsion  also  lessens  tendency  for  electrical  break-down. 

Eddy,    H.    C,    Apparatus    for    dehydrating   petroleum    oil.      U.    S.   Patent   No.    1,838,909, 
December  29,  1931. 

Emulsion  is  washed   previous  to  electric  dehydration. 

Eddy,  H.  C,  Method  of  and  apparatus  for  dehydrating  petroleum  oil.     U.  S.  Patent  No. 
1,838,910,  Dec.  29,  1931. 

Mechanical  means  for  moving  live  electrode  in  tank  to  prevent  electrical  break- 
down. 

Eddy,  H.   C,  Dehydrator  having  two  live   electrodes.     U.   S.  Patent  No.   1,838,911,  Dec. 
29,  1931. 

Means  for   moving  concentric   diverging  electrodes  to  prevent  electrical   break- 
down. 

Eddy,  H.  C,  Compound  field  dehydrator.     U.  S.  Patent  No.  1,838,912,  Sept.  29,  1931. 

A  primary  and  secondary  field  dehydrator  with  a   reciprocating  rod  to  vary  the 
intensity  of  the  fields  to  prevent  electrical  break-down. 

Eddy,  H.  C,  Dehydrator.     U.  S.  Patent  No.  1,838,913,  Dec.  29,  1931. 
A  movable  electrode  to   avoid   electrical   break-down. 

Eddy,  H.  C,  Intermittent  treater.  U.  S.  Patent  No.  1,838,91+,  Dec.  29,  1931. 

A  treater  in  which  a  nozzle  through  which  the  emulsion  is  sprayed  forms  one 
electrode  and  a  cylinder  the  other. 

Eddy,  H.  C,  Single  electrode  treater.     U.  S.  Patent  No.  1,838,915,  December  29,  1931. 

The  sprayed   emulsion  forms  one  electrode   and  a  metal  plate  the   other. 
Eddy,  H.  C,  Combined  washer  and  dehydrator.     U.  S.  Patent  No.  1,838,916,  Dec.  29,  1931. 

Washing  of  emulsion  with  subsequent  electrical  treatment. 

Eddy,  H.  C,  Method  of  and  apparatus  for  treating  oil  under  vacuum.     U.  S.  Patent  No. 
1,847,602,  March  1,  1932. 

Combination  of  vacuum   and   electric  current  dehydration. 

Eddy,   H.  C,   and   Hanson,   G.  B.,   Method   of  dehydrating  petroleum   emulsions.     U.   S. 
Patent  No.  1,602,190,  Oct.  5,   1926. 

Introduction  into  a  pumping  oil  well  of  a  gas  which  acts  as  a  dehydrating  agent. 

Eddy,  H.  C.  and  Worthington,  J.  T,  Dehydrator.     U.  S.  Patent  No.  1,4-30,294,  Sept.  26, 
1922. 

Cylindrical  electrode  concentric  to  tank  imparts  a  whirling  motion  to  emulsion 
to  prevent  electrical  break-down. 
Eddy,  H.  C,  and  Worthington,  J.  T.,  Double  field  dehydrator.     U.  S.  Patent  No.  1,838,- 
917,  Dec.  29,  1931. 

A  jet   of   emulsion   is   passed   through    a   sieve   electrode   to   a    rod   electrode   of 
opposite  charge. 
Eddy,  W.  G.,  and  Eddy,  H.  C,  Discussion  of  electrical  dehydration  of  crude  oil.     Jour. 
Ind.  and  Eng.  Chem.,  vol.  13,  No.  11,  p.  1016,  Nov.,  1921. 

Describes  the  results  of  electrical   demulsification  by  the  Cottrell  process. 
Eddy,   W.  O.,  Electrical   dehydrator.     U.   S.  Patent  No.   1,440,774,  Jan.  2,   1923. 
Use  of   rotating  electrode   to   lessen   tendency  of   electrical   breakdown. 
Eddy,  W.  O.,  Dehydrator,  U.  S.  Patent  No.  1,440,775,  Jan.  2,  1923. 

Movable   grounded   electrode   about  live   electrode  to   decrease   electrical   break- 
down. 
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Eddy,  W.  O.,  Dehydrator  having  rotatable  electrode.     U.  S.  Patent  No.   1,674,242,  June 
19,  1928. 

An  electrical  dehydrator  having  electrode  which  may  be  rotated  by  a  jet  of 
emulsified  oil  to  prevent  electrical  breakdown. 

Eddy,  W.  O.,  Dehydrator  having  various  intermittent  voltages.     U.  S.  Patent  No.  1,838,- 
374,  Dec.  29,  1931. 

A  dehydrator  in  which  the  primary  winding  of  the  transformer  may  be  tapped 
at  various  points  intermittently  to  give  various  voltages  thereby  preventing  elec- 
trical breakdown. 

Eddy,  W.  O.,  Rotating  disc  dehydrator.     U.  S.  Patent  No.  1,838,918,  Dec.  29,   1931. 

A  grounded  electrode  which  revolves  in  respect  to  a  live  electrode  in  order  to 
lessen  electrical  breakdown. 

Eddy,  W.  O.,  Dehydrator  having  rotatable  emulsion  distributor.     U.  S.  Patent  No.  1,838,- 
919,  Dec.  29,  1931. 

The  inner  electrode   is   rotated   in   order  to   prevent   a   short  circuit. 

Eddy,  W.  O.,  Electrical  dehydrator  having  blade  electrode.     U.  S.  Patent  No.   1,838,920, 
Dec.  29,  1931. 

Agitation  of  emulsion  between  blade  electrode  and  tank  electrode  to  prevent 
electrical  short  circuit. 

Fornes,  C.  W.,  Treat  cut  oils  by  single  chemical  method  in   Smackover,  Arkansas   field. 
Oil  and  Gas  Jour.  vol.  29,  p.  76,  April  2,  1931. 
Use  of  Tret-o-Iite  inside  the  oil  well. 

Fisher,    H.    F.,  General    characteristics    of    California    emulsions    as    viewed    under    the 
microscope.     Trans.  A.  I.  M.  E.,  Petroleum   Division,  p.  359,   1931. 

The  technique  is  given  for  preparation  of  microscopic  slides.  California  emul- 
sions carry  a  negative  charge. 

Fisher,  H.  F.,  Method  of  inverting  the  phase  of  emulsions.     U.  S.  Patent  No.   1,838,379, 
Dec.  29,  1931. 

Combined   action   of  chemical   to   invert   phase   and   electrical   dehydration. 

Fisher,  H.  F.,  Dehydrator.     U.  S.  Patent  No.  1,838,921,  Dec.  29,   1931. 

Addition  of  coarse  water  particles  to  emulsion  to  be  treated  subsequently  by 
electric  dehydration. 

Fisher,  H.  F.,  Method  of  dehydrating  petroleum  emulsions.     U.  S.  Patent  No.   1,838,922, 
Dec.  29,  1931. 

Series  of  live   electrodes   interspersed   between   grounded   electrodes. 

Fisher,  H.  F.,  Dehydrator  having  hygroscopic  emulsion  inlet.     U.  S.  Patent  No.   1,838,923, 
Dec.  29,  1931. 

Elimination  of  emulsified  water  so  that  dry  oil  passes  through  the  auxiliary 
field. 

Fisher,  H.  F.,  Dehydrator  with  high  field  intensity  grounded  electrode1.     U.  S.  Patent  No. 
1,838,924,  Dec.  29,   1931. 

Use  of  dielectric  barrier  to  increase  length  of  electric  current  path  between 
electrodes  in  order  to  prevent  short  circuit. 

Fisher,  H.  F.,  Dehydrator  having  means  for  providing  internal  dry  oil  circulation.    U.  S. 
Patent  No.  1,838,925,  Dec.  29,  1931. 

Another  form  of  dielectric  barrier  to  increase  length  of  electric  current  path  and 
thereby  prevent  electric  breakdown. 

Fisher,  H.  F.,  Electrical  treater.     U.  S.  Patent  No.   1,838,926,   Dec.  29,   1931. 

A  shroud  surrounding  the  outer  electrode  at  same  potential  as  electrode  to  direct 
the  path  of  current  flow,  thereby  preventing  electrical   breakdown. 

Fisher,  H.  F.,  Stepped  cone  type  treater.     U.  S.  Patent  No.   1,838,927,  Dec.  29,  1931. 

A  cone  electrode  with  series  of  troughs  and  crests  fur  [nit  pose  <>1  turbulent  How 
to  lessen  short  circuiting. 

Fisher,   H.  F.,   Dehydrator   with   means  for  directing  emulsion  through   a    high    intensit) 
field.     U.  S.  Patent  No.  1,838,928,  Dec.  29,  1931. 

Directs  emulsion   first  to  high   potential   portion  of  field. 
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Fisher,  H.  F.,  Elongated  high  velocity  type  treater.     U.  S.  Patent  No.  1,838,929,  Dec.  29, 
1931. 

Use  of  dielectric  barrier  to  increase  length  of  path  between  electrodes  in  an 
elongated   high   velocity  treater  to   prevent   electrical   breakdown. 

Fisher,  H.  F.,  Apparatus  for  converting  commercial  frequency  into  high  frequency  cir- 
cuits.    U.  S.  Patent  No.  1,838,931,  December  29,   1931. 
A  mechanical   rotor  for  increasing  frequency. 

Fisher,  H.  F.,  Electrical  treater  having  elongated  circulation  path  and  edge  effect.  U.  S. 
Patent  No.   1,838,932,  December  29,   1931. 

A  means  to  control  flow  of  emulsion  through  electric  field  and  thereby  prevent 
electrical   breakdown. 

Fisher,  H.  F.,  Electrical  treater  having  elongated  oil  circulating  path.     U.  S.  Patent  No. 
1,838,934,  December  29,  1931. 

Use  of  dielectric  barrier  to  increase  length  of  electric  current  path  between 
electrodes  to  prevent  electrical  breakdown. 

Fisher,  H.  F.,  Method  of  dehydrating  emulsion.     U.  S.  Patent  No.  1,864,721,  June  28,  1932. 
Means  for  periodically  increasing  potential  of  treating  field  in  order  to  prevent 
electrical  breakdown. 

Fisher,  H.  F.,  Synchronous  gap  potential  control  for  treaters.     U.  S.  Patent  No.  1,846,722, 
June  28,  1932. 

Means  for  periodically   reducing  potential   of  field   to   prevent  electrical   break- 
down. 
Fisher,   H.   F.,  Treater  using  high  tension   reactance.     U.   S.  Patent  No.   1,864,723,  June 
28,  1932. 

Change   of  wave  form   as  potential   between   electrode   decreases. 
Fisher,  H.  F.,  Gassaway,  S.  G.,  and  Van  Loenen,  W.  F.,  Electric  treater  having  variable 
rate  of  flow  with  constant  conditions  in  working  field.     U.  S.  Patent  No.   1,838,930, 
Dec.  29,  1931. 

A  primary,  secondary,  and  tertiary  treating  system  to  prevent  electrical  break- 
down. 
Fisher,  H.  F.,  and  Woelflin,  W.,  Electrical  treater  having  dry  oil  barrier  supply.     I'*.  S. 
Patent  No.  1,838,933,  December  29,  1931. 

Use  of  dielectric  fluid  discharged  by  nozzle  to  maintain  an  envelope  of  dielectric 
about  the  electrodes  to  prevent  electrical  breakdown. 
Francis,  C.  K.,  Emulsified  or  cut  petroleum.     Jour.  Ind.  and  Eng.  Chem.  vol.  8,  p.  682, 
Aug.,  1916. 

Description  of  emulsion  containing  water,  sodium  and  calcium  salts,  solid  mat- 
ter, and  gas. 
Gassaway,  S.  G.,  Emulsion  treater.     U.  S.  Patent  No.  1,838,822,  December  29,  1931. 

Insulating  baffle  for  guiding  emulsion  between  electrodes  so  that  substantially 
all  treatment  takes  place  between  such  bafflle  and  one  of  the  electrodes  in  order  to 
prevent  electrical  breakdown. 

Girwin,   C.   W.,   Dehydrator  having  high    resistance   wall.     U.   S.  Patent  No.   1,838,937, 
December  29,  1931. 

An  electric  treater  with  a  coating  of  high  resistance  conducting  material  applied 
directly  to  the  surface  of  the  central  electrode  to  prevent  electrical  breakdown. 
Girwin,  C.  W.,  Method  of  and  apparatus  for  treating  emulsion  with  alternating  current. 
U.  S.  Patent  No.  1,838,938,  December  29,   1931. 

Change  of  electrode  spacing  in  time  phase  with  current  alternation  to  maintain 
full  positive  and  negative  potential  values. 
Hardison,  S.  J.,  The  dehydrating  plant  of  the  Nevada  Petroleum  Company.     Trans.  A. 
I.  M.  E.,  vol.  51,  p.  627,  1915. 

An  attempt  to  heat  emulsified  oil  at  such  a  temperature  as  to  explode  the  glo- 
bules of  water  emulsion. 
Harris,  F.  W.,  Dehydrator  for  petroleum  emulsions.     U.  S.  Patent  No.  1,405,117,  Jan.  31, 
1922. 

Body  of  liquid  is  repeatedly  circulated  through  electric  field  to  prevent  electrical 
breakdown. 
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Harris,  F.  W.,  Apparatus  for  removing  water  from  petroleum  emulsions.     U.  S.  Patent 
No.  1,405,118,  Jan.  21,  1922. 

Means  for  circulation  of  liquid  to  prevent  electrical  breakdown. 

Harris,  F.  W.,  Apparatus  for  dehydrating  petroleum  emulsions.     U.  S.  Patent  No.  1,405,- 
119,  Jan.  31,  1922. 

Method  of  heating  crude  oil  during  electrical  dehydration. 

Harris,   F.   W.,   System   of  water  control   for   electrical   dehydrators.     U.   S.   Patent   No. 
1,405,120,  Jan.  31,  1922. 

An  electrode  in  an  emulsion  above  body  of  water  which  is  in  contact  with  oppo- 
site electrode. 
Harris,  F.  W.,  Dehydrator.     U.  S.  Patent  No.  1,405,121,  Jan.  31,   1922. 

A  closed   dehydrating  tank   in   which   a   body   of  water  is  constantly    retained   at 
the  bottom. 
Harris,  F.  W.,  Method  and  apparatus  for  dehydrating  petroleum  emulsions.   U.  S.  Patent 
No.  1,405,122,  Jan.  31,  1922. 

A  dehydrator  in  which  the  fluid   is  passed   through   a  concentrated   field   at  high 
speed  to  prevent  electrical  breakdown. 

Harris,  F.  W.,  Apparatus  for  dehydrating  petroleum  emulsions.     U.  S.  Patent  No.  1,405,- 
123,  Jan.  31,  1922. 

A  dehydrator  which   includes   a  concentric  chain   electrode. 

Harris,  F.  W.,  Dehydrator  for  petroleum  emulsion   and  water  control  for  same.     U.   S. 
Patent  No.  1,405,124,  Jan.  31,  1922. 

Consists  of  a  series  of  concentric  cylindrical  electrodes. 

Harris,  F.  W.,  Process  for  dehydrating  emulsions.     U.  S.  Patent  No.  1,405,125,  Jan.  31, 
1922. 

Pass  the  emulsion  through  a  body  of  water  and  then  treat  electrically. 

Harris,  F.  W.,  Process  for  dehydrating  petroleum  emulsions.     U.  S.  Patent  No.  1,405,126, 
Jan.  31,   1922. 

Pass  emulsion  through   relatively  dry   emulsion   and   then   treat   electrically. 

Harris,  F.  W.,  Process  for  dehydrating  emulsions.     U.  S.  Patent  No.  1,405,127,  Jan.  31, 
1922. 

Pass  emulsion  through   dry  oil,   heat   and  treat  electrically. 

Harris,  F.  W.,  Method  and  apparatus  for  dehydrating  petroleum  oils.     U.  S.  Patent  No. 
1,405,128,  Jan.  31,   1922. 

It   is   claimed    that   the    electric   current    path    may   be    desirably   controlled    by    a 
superimposed  magnetic  field  to  prevent  short  circuiting. 

Harris,  F.  W.,  Process  and  apparatus  for  dehydrating  petroleum  emulsions.     U.  S.  Patent 
No.  1,405,129,  Jan.  31,  1922. 

The  emulsion  is  forced  under  pressure  through  a  confined  space  from  which  air 
is  excluded  and   in  which  electric  discharges  are  caused  to  take  place. 

Harris,   F.   W.,   Method    and    apparatus   for    dehydrating   emulsions.      U.    S.    Patent   No. 
1,405,130,  Jan.  31,  1922. 

A  coarse  emulsion  is  added  in  order  to  improve  the  electrical  dehydration  of  a 
fine  emulsion. 

Harris,  F.  W.,  Dehydrator.     U.  S.  Patent  No.  1,440,828,  Jan.  2,  1923. 

Describes   use   of  closed   tank   under   pressure  with   automatic   break   of   electric 
current  with  loss  of  pressure. 

Harris,  F.  W.,  Electric  dehydrator.     U.  S.  Patent  No.  1,455,139,  May  15,  1923. 

Oil   between   electrodes   is   agitated    rapidly   to   prevent   electrical   breakdown. 

Harris,   F.   W.,  Apparatus  for  dehydrating  petroleum  oils.     U.   S.  Patent   No.   1,458,291, 
June  12,  1923. 

Superposed   magnetic  field   to   regulate   path   of  electric  flow   of   current    to   pre- 
vent electrical   breakdown. 
Harris,  F.  W.,  Electric  dehydrator.     U.  S.  Patent  No.   1,480,064,  Jan.  8,   1924. 

Use  of  dielectric  fluid  between  the  electrodes  to  diminish  tendency  to  electrical 
breakdown. 
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Harris,  F.  W.,  Inlet  bushing  for  electrical  dehydrator.  U.  S.  Patent  No.  1,528,296, 
March  3,  1925. 

A  mechanical   design  for  electrode  bushing. 

Harris,  F.  W.,  Process  of  preventing  the  persistence  of  chain  formations  in  an  electric 
hydrator  for  oil  emulsions.     U.  S.  Patent  No.   1,581,205,  April  20,   1926. 

Superimposing  a  magnetic  field  on  an  electrical  field  to  prevent  breakdown. 

Harris,  F.  W.,  Process  of  separating  water  from  emulsions.  U.  S.  Patent  No.  1,609,546, 
Dec,  7,  1926. 

Addition  of  solid  particles  to  an  emulsified  oil  and  then  treating  electrically. 

Harris,  F.  W.,  Electrical  dehydrator  with  free  moving  electrode.  U.  S.  Patent  No.  1,838,- 
828,  Dec.  29,   1931. 

An  annular  screen  electrode  which  may  be  rotated  by  flow  of  emulsion  to  pre- 
vent electrical  breakdown. 

Heithecker,  R.  E.,  Some  methods  of  separating  oil  and  water  in  West  Texas  Fields,  and 
the  disposal  of  oil-field  brines  in  the  Hendricks  Oil  Field,  Texas.  U.  S.  Bureau  of 
Mines,  R.  I.  3173,  May,  1932. 

Describes   specific   field   methods   of   dehydration. 
Koetschoer,    Rudolph,    Emulsions — zertorung    in    der    Erdolinderstrie,    Kolloidchemische 
Technologie,  p.  806,   1932. 

A  review  of  various  processes  of  electrical  dehydration. 
Kuczynski,   T.,   Breaking  of  crude   oil   emulsions   by  chemical   means.     Inst.   Pet.   Tech. 
J.  14,  p.  149,  June  1928. 

Describes   reagents   used  to  break  down  emulsions. 
Land,  R.  E.,  Electrical  dehydrator.     U.  S.  Patent  No.  1,467,003,  Sept.  4,   1923. 

Concentric   electrodes   with   current  terminal   through   side   of  tank. 
Lawrason,  L.,   Method  of  and   apparatus  for  mechanically   re-establishing  the   dielectric 
field  in  dehydrators.     U.  S.  Patent  No.  1,838,847,  Dec.  29,  1931. 

Subjecting   emulsion    to   mechanical    vibration    during    electrical    dehydration. 
Lawrason,  L.,  Method   of  and   apparatus  for  dehydrating  emulsions.     U.   S.  Patent  No. 

1.838.848,  Dec.  29,   1931. 

Rotation   of   agitator  between   electrodes   driven   by  motion   of   emulsion   flow  to 
prevent  electrical  breakdown. 
Lawrason,  L.,  Treater  having  rotatable  live  and  grounded  electrodes.     U.  S.  Patent  No. 

1.838.849,  Dec.   29,   1931. 

Rotation  of  both   live  and   grounded   electrodes   to  prevent  electrical   breakdown. 
Lawrason,  L.,  Emulsion  treater  having  central  cylindrical  live  electrodes.     U.  S.  Patent 
No.  1,838,850,  Dec.  29,  1931. 

A   baffle   to  force   flow   of   emulsion   past   a   live   electrode   to   prevent   electrical 
breakdown. 
Lowe,  W.  F.,  Efficient  heaters  for  treating  oil.     Nat.  Pet.  N.  21,  p.  57,  April  16,  1930. 

Describes  field  equipment  for  heating  oil. 
Mahone,  F.  D.,  The  electrical  dehydration  of  cut  oil.     Report  before  the  petroleum  tech- 
nologists' division  of  the  A.  I.  M.  E.,  Tulsa  meeting,  October    (1923). 
Describes  use  of  the  Cottrell  process. 
Matthews,  R.  R.,  and  Crosby,  P.  A.,  Recovering  petroleum  from  emulsions  by  chemical 
treatment.     Jour.  Ind.  and  Eng.  Chem.  vol.  13,  p.  1015,  Nov.  1921. 
Use  of  Tret-o-lite  both  solid  and  liquid. 
McCoy,  A.  W.,   Shidel,   H.  R.,   and  Tracer,   E.  A.,   Investigations   concerning  oil-water 
emulsions.     Am.   Inst.  Min.  Bull.   152,   p.   1513,  Aug.   1919. 

Laboratory  methods   of  producing  artificial   emulsions   and   study  of  such  emul- 
sions. 
Meredith,  W.,  Dehydrator.     U.  S.  Patent  No.  1,428,178,  Sept.  5,  1922. 

Use  of  horizontal  diaphragm  to  divide  chamber  into  two  compartments,  one  of 
which  is  adapted  to  discharge   and  the  other  contains   relatively  quiescent  oil   near 
the  electrodes  to  lower  the  tendency  to  electric  breakdown. 
Meredith,  W.,  Automatic  discharge  means  for  dehydrator.     U.  S.  Patent  No.  1,429,363, 
Sept.  19,  1922. 

An  adjustable  pipe  outlet  to  maintain  full  chamber  without  added  pressure. 
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Meredith,  W.,  Process  of  and   apparatus  for  dehydrating  emulsions  by  osmosis.     U.   S. 
Patent  No.  1,440,835,  Jan.  2,  1923. 

Use  of  porous  diaphragm  and  direct  current. 

Meredith,  W.,  Dehydrator.     U.  S.  Patent  No.   1,452,207,  April   17,   1923. 
Agitation  by  rotation  of  electrodes  to  prevent  short  circuiting. 

Meredith,  W.,  Dehydrator.     U.  S.  Patent  No.  1,480,091,  Jan.  8,  1924. 

Emulsion  is  forced  upward  in  small  jets  through  fine  material. 

Mills,  R.  V.,  Treating  emulsions  without  cost.     Oil  and  Gas  Jour.,  vol.  27,  p.  45,  April 
25,  1929. 

Agitation  methods  of  treating  emulsions. 

Nutting,  P.  G.,  Formation  of  oil   field   emulsions   presents   an   interesting  problem.     Oil 
and  Gas  Jour.  vol.  28,  p.  34,  Jan.  2,  1930. 

Emulsions  of  oil  and  water  alone  are  easily  broken  down.  Addition  of  foreign 
constituents  makes  a  tougher  emulsion. 

Parsons,  L.  W.,   and  Wilson,   O.   G,   Some  factors   affecting  the  stability   and   inversion 
of  oil-water  emulsions.     Jour.  Ind.  and  Eng.   Chem.,   vol.   13,   p.   116,   1921. 

Refers  to  various  chemical  reagents  which  may  be  used  to  break  down  emul- 
sions. 

Quinby,  H.  R.,  Dehydrator  for  petroleum  oils.     U.  S.  Patent  No.  1,382,234,  June  21,  1921. 
A  series  of  vertical  electrodes  in  which  one  set  is  supported  from  an  upper  live 
bus   bar   and   the   alternate   oppositely   charged    intervening   electrodes   are   supported 
from  the  base  of  the  tank. 

Roberts,  C.  H.  M.,  A  New  Theory  of  Emulsions.     Jour.  Phys.   Chem.,   vol.   36,   p.   3087, 
1932. 

Gives  theories  of  emulsions  previously  proposed,  general  theory  of  interfacial 
films,  and  suggests  a  new  theory  which  is  an  extension  of  the  currently  accepted  ad- 
sorption film  theory. 

Seibert,  F.  M.,  and  Brady,  J.  D.,  Process  of  and  apparatus  for  treating  oil.     U.  S.  Patent 
No.  1,290,369,  Jan.  7,  1919. 

Covers  the  process  for  low  voltage  direct  current  dehydration  of  emulsified  oil. 

Sherrick,  J.  L.,  Oil-field  emulsions.    Jour.  Ind.  and  Eng.  Chem.,  vol.  12,  p.  133,  Feb.,  1920. 
Describes   emulsion   and   common   methods   of  breaking  down   emulsions. 

Sherrick,  J.  L.,  Emulsifying  agents  in  oil-field   emulsions.     Jour.  Ind.   and  Eng.   Chem., 
vol.  13,  p.  1010,  Nov.,  1921. 

A  study  of  inversion   of  phase  of  emulsions. 

Smith,  L.  E.,  Used  oil  field  boilers  form  part  of  dehydrating  plant  on  lease.     Nat.  Pet. 
N.  vol.  16,  p.  89,  June  18,   1924. 

Use  of  heat  in  breaking  down  emulsions. 

Tanner,  J.  O.,  Emulsions.     Jour.   Inst.  Pet.  Tech.,   vol.   11,   p.   502,   Oct.,   1925. 
Discussion  of  emulsions. 

Thompson,  A.  B.,  Prevention  of  emulsions.     Jour.  Inst.  Pet.  Tech.,  vol.  10,  p.  326,  June, 
1924. 

Various  methods  are  discussed  for  the  prevention  of  emulsions. 
Uren,  L.  C,  Oil  field  emulsions.     Nat.  Pet.  N.  21,  p.  59,  April   17,   1929,  and  p.   59,  July 
3,  1929. 

A  discussion  of  petroleum  emulsions. 
Van  Houten,  H.  C,  Oil  treating.     Nat.  Pet.  N.  21,  Dec.   11,  1929. 

Talk  before  El  Dorado  Chapter  of  American  Petroleum  Institute. 
Van  Loenen,  W.  F.,  Emulsion  treater.     U.  S.  Patent  No.   1.S3S.889,  Dec.  29,   1 93  I 

Rotation  of  primary   and  secondary  electrodes   to  prevent  electrical   breakdown, 
Van  Loenen,  W.  F.,  Electrical  dehydrator.     U.  S.  Patent  No.   1,S3S,890,   Dec.  29,   1931, 

Combination   of  nozzle   spray,   a   chemical    reagent,   and    electrical    dehydration, 
Van  Loenen,  W.  F.,  Treater  with  variable  pressure.     V.  S.  Patent  No.   1,847,541,  March 
1,  1932. 

Combination  of  intermittent  change  of  pressure  and  electric  current  dehydration. 
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Wiggin,  J.  H.,  Evaporation  losses  from  the  dehydration  of  crude  oils.     Nat.  Pet.   N.  ]3, 
p.  59,  July  1,  1921. 

Discusses  the  lighter  fractions  of  crude  oil  lost  in  dehydration. 

Wn.cox,  E.  H.,  New  process  in  dehydration  of  crude  oil.     Oil   and   Gas  Jour.,  vol.  28, 
p.  38,  Jan.  2,  1930. 

Describes   successful   operation  of   electrical   dehydration. 

Worthington,  J.  T.,  Treater  having  revolving  electrode  with  wave  shaped  arm.     U.  S. 
.     Patent  No.  1,838,976,  Dec.  29,   1931. 

Use  of   revolving  electrode  to  give   variant  electrode   spacing  to   avoid   electrical 
breakdown. 

Worthington,  J.  T.,  Water  level  control  device.     U.   S.  Patent  No.   1,762,538,  June   10, 
1930. 

A  mechanical  device  for  constant  level  control  of  water  below  oil  based  on  their 
differential  electrical   resistivities. 

Worthington,  J.  T.,  Dehydrator  having  horizontal   revolving  electrodes.     U.   S.   Patent 
No.  1,783,595,  Dec.  2,  1930. 

A  perforated  horizontal  electrode  rotj^d  to  lessen  tendency  to  electrical  break- 
down. 

Worthington,   J.  T.,  Treater  having  combined  electric  field  and  washer.     U.   S.  Patent 
No.  1,838,977,  December  29,  1931. 

Means  for  introduction  of  fluid  into  emulsion  to  be  treated  electrically. 

Worthington,    T.   T.,    Combination   concentrated   field   circulating  treater.     U.   S.   Patent 
No.  1,838,978,  Dec.  29,  1931. 

Use  of  third  electrode  to  give  concentrated  field. 

Worthington,    J.   T.,   Dehydrator   having   radial    venturi-type   electrodes.      U.    S.   Patent 
No.  1,838,979,  Dec.  29,' 1931. 

A   combined    nozzle    and    sleeve    of    venturi-type    through    which    the    emulsion   is 
passed. 

Worthington,  J.  T.,  Dehydrator  with  centrifugal  discharge  electrodes.     U.  S.  Patent  No. 
1,838,980,  Dec.  29,  1931. 

Means    for    directing    a    fast   moving   stream    of   emulsion   between    electrodes   to 
avoid  electrical  breakdown. 

Worthington,  J.  T.,  and  Fisher,  H.  F.,  Pipe  line  treater.     U.  S.  Patent  No.   1,873,857, 
Aug.  23,  1932. 

Use  of  rod  and  sleeve  electrode. 

Wyant,  L.  D.,  Electrical  dehydration  of  oil  in  the  Comodoro  Kivadavia  field,  Argentine. 
Nat.  Pet.  N.  20,  p.  119,  Oct.  17,  1928. 
Describes  use  of  Cottrell  process. 
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